. Purpose: To examine secular trends, seasonal and socioeconomic differences in physical activity participation among Australian adolescents in 1997 and 2004. Methods: Repeat cross-sectional school survey, conducted in 1997 and 2004. School students were randomly selected from grades 8 and 10 in New South Wales Australia (1997Australia ( , N = 2026 N = 1771. Time spent in moderate-to-vigorous physical activity (MVPA) was assessed by self-reported participation in organized and nonorganized physical activity separately for summer and winter by sex, grade, and socioeconomic status (SES). Results: Between survey periods, the proportion of students reporting > 60 min'd-1 of MVPA increased, except among grade 10 boys during winter. MVPA (min-d i) increased among all groups during summer school terms, During winter school terms, MVPA was relatively stable between surveys for grade 8 students but inconsistent among grade 10 students. Organized MVPA increased among all groups in both summer (19-49 min-d-1) and winter (7-21 mrin-d-1) school temis. Participation in nonorganized MVPA increased only during summer school terms (4-32 min-d-l) and decreased during winter school terms (7-17 mni.d-1). MVPA increased consistently among students in the high-SES group compared with other SES groups, independent of season, and in some cases MVPA decreased in low-SES groups during winter school terms. Conclusion: Overall, the patterns of change were similar for boys and girls, with substantial increases in summer school ternis and insubstantial changes during winter school terms (with the exception of a decrease among grade 10 boys). There was a direct association between change in participation in MVPA and SES, indicating that interventions are required to focus on the needs of less-advantaged students.
tion prior to the 1970s. Furthermore, the lack of a standardized measurement protocol and significant methodological differences among countries that have undertaken surveys have produced inconsistent results, which are in turn difficult to interpret and have hampered our understanding of physical activity levels among adolescents (15, 17) .
Monitoring physical activity participation among youth is important for several reasons. Information on secular trends will help predict future health outcomes (e.g., overweight and obesity) associated with changes in physical activity participation and assist with determining the most appropriate allocation health promotion resources (e.g., changes to physical education curriculum, improved access to physical activity facilities). Surveys that provide information on factors associated with physical activity such as gender, seasonality and socioeconomic status (SES) are particularly useful to intervention and health promotion planning but need further exploration. For example, SES has been shown be an important correlate of physical activity among adolescents (20, 29, 35) , but not consistently (32) . Similarly, information on seasonal participation among adolescents is limited and equivocal (20, 27, 32) , and a better understanding of the geographical differential seasonal effects on adolescent physical activity, including Southern Hemisphere countries, is warranted.
The aim of this study was to describe the change between 1997 and 2004 in time (min.d-') spent in total MVPA and in organized and nonorganized MVPA among grade 8 and 10 boys and girls living in New South Wales (NSW), Australia, by season (i.e., summer and winter school terms) and SES.
METHODS
Design. The NSW Schools Fitness and Physical Activity Survey 1997 (SFPAS, 1997) and the NSW Schools Physical Activity and Nutrition Survey 2004 (SPANS) were representative population surveys of primary and secondary school students in grades K, 2, 4, 6, 8, and 10 in rural and urban NSW. Proportional stratified random sampling was used to select schools at both survey times. Both surveys collected data between February and April (late summer to early autumn in the southern hemisphere). Detailed descriptions of the survey methods of SFPAS 1997 and SPANS and of the representativeness of the samples have been published elsewhere (7, 8) .
Briefly, for each survey, schools were selected at random so that the number of schools selected in each education sector (government, Catholic, and independent) was proportional to the number of students enrolled in that sector. The likelihood of a school being selected was proportional to the size of the student enrolment. Within each school, one class was chosen at random from each of the grades being surveyed. Informed consent by students and their carers was a requirement for participation. The University of Sydney human research ethics committee, the NSW Department of Education and Training, and the NSW Catholic Education Commission approved each study. Data for grades 8 and 10 (mean ages 13.3 and 15.3 yr, respectively) are presented because, in 1997, only students in grades 8 and 10 completed survey questions.
Measures
Demographics. Students were asked to report their sex, date of birth, suburb, and postcode of residence. Postcode of residence was used as a proxy for SES, based on the Australian Bureau of Statistics' Index of Relative Socioeconomic Disadvantage (IRSD) (3, 4) , and was used to rank students in tertiles of SES (low, medium, or high). The IRSD describes the socioeconomic aspects of geographical areas and includes indices on income, educational attainment, unemployment, and proportion of people in unskilled occupations.
Physical activity measurement. Students in both surveys completed the same self-report instrument, the Adolescent Physical Activity Recall Questionnaire (APARQ). The validity and reliability of this instrument have been previously reported (9) . Briefly, for reliability, percent agreement ranged from 76 to 90% and kappa ranged from 0.27 to 0.74. For validity, there was a significant correlation between energy expenditure and performance on the multistage fitness test (range r = 0.14-0.39, all P < 0.001). The questionnaire asked students to think about a normal week in summer and winter school terms and to report, separately, participation in all organized and nonorganized physical' activities. Organized activities were defined as those that usually involve competition, training, and adult supervision, (e.g., dance, swimming, team sports). Nonorganized activities were defined as those that did not involve competition or training and that were unsupervised by adults (e.g., skateboarding, walking, ball games, chores). For each activity reported, students stated the weekly frequency and duration of their participation and each time they did the activity, including training (practice) for organized activities.
For each survey, students were seated individually at desks, and trained assessors administered the questionnaire using the same standardized protocol. Individual assistance was provided for any students with language or literacy difficulties. When each student completed the questionnaire, an assessor checked responses for completeness and clarity.
Analysis. For each activity, the frequency of participation was multiplied by the duration per session to give total time spent in that activity each week. Each physical activity was assigned an MET value (kcal'kg-'min-1) (2), and time spent in MVPA was calculated for each student by summing the time spent in all activities with an MET value > 3 and expressed as minutes per day. This calculation was made separately for participation in organized and nonorganized MVPA in summer and winter school terms. Total MVPA was the sum of organized and nonorganized MVPA. Students who accumulated > 420 min of MVPA over at least seven sessions during a week (equivalent of 60 min.d-1) were classified as having met the physical activity guideline criterion (39) .
All analyses were conducted using SAS for Windows version 9.1, using the SURVEY procedures to allow for the stratified, clustered design of the surveys. The SURVEY procedures use Taylor expansions to obtain appropriate standard errors of estimates obtained from complex surveys. Multiple regression models were fitted to assess the effects of season, gender, grade, and SES on changes in MVPA between 1997 and 2004. However, due to the presence of effect modification between season and survey period for total (organized and nonorganized) activity (t6 = 9.66, P < 0.0001), models were fitted separately for summer and winter activity. For summer. activity, there was evidence of effect modification between grade and survey period (t 8 6 = -2.85, P 0.006) and between grade and gender (t6 = -3.11, P 0.003). For winter activity, there was evidence of effect modification between survey period and gender (tN 6 2.61, P = 0.01) and between gender and school year (t 8 6 -3.18, P = 0.002). Due to the presence of effect modifiers,; analyses are presented stratifying by season, grade, and gender.
To examine the prevalence of meeting the physical activity recommendation, the proportion of students who met the current recommendation (i.e., 60 mind-I) was tabulated for 1997 and 2004 for each season of activity, stratified by grade and sex. Change in prevalence over time was assessed by constructing the difference in proportions between 1997 and 2004, with results presented as differences in percentages. Standard errors of the differences in prevalence were estimated by pooling the standard errors of the individual prevalences. These standard errors were used to construct 95% confidence intervals for changes in prevalence and to assess the evidence of changes over time.
Participation in physical activity was also assessed using time spent in MVPA. The time spent participating in MVPA was skewed, so data were summarized with medians and interquartile ranges. A log transformation was applied to obtain approximately normally distributed data for inferential analysis. Changes in the log-transformed MVPA over time were assessed using linear regression models, adjusting for the clustered survey designs.
RESULTS
The 1997 survey comprised 2026 students (grade 8 N = 1072; and grade 10 N -954), and the 2004 survey comprised 1771 students (grade 8 N = 801; and grade 10 N = 970). The mean ages at both survey years were 13.3 and 15.3 yr for grades 8 and 10, respectively. Grade 8 and 10 response rates in 1997 were 85 and 76%, respectively, and the response rates in 2004 were 63 and 50%, respectively. Demographic characteristics of the sample for both surveys are presented in Table 1 .
Prevalence of > 60 min.d-1 of MVPA. Table 2 shows the proportion of students who reported spending > 60 min.d-' of MVPA (organized and nonorganized physical activities) in 1997 and 2004, during summer and winter school terms. During summer school tenns, the prevalence increased by 30.3 and 26.5% among grade 8 boys and girls, respectively (P < 0.001) and by 11.5 and 12.1% among grade 10 boys and girls, respectively (P = 0.002 and 0.02, respectively). During winter school terms, the prevalence increased slightly among grade 8 boys (P = 0.16) and girls (P = 0.05) and grade 10 girls (P = 0.39), but it decreased among grade 10 boys (P = 0.07). Time spent in total, organized, and nonorganized MVPA. Table 3 shows the median (interquartile range (IQR)) minutes per day of MVPA stratified by season, type of activity (total, organized, nonorganized MVPA), sex, and grade in 1997 and 2004. In both surveys, boys consistently spent more time in total, organized, and nonorganized MVPA compared with girls. For summer school terms, MVPA increased among all groups of students (P < 0.001-0.06), except for nonorganized activity among grade 10 girls (P = 0.6). During winter school terms, time spent in organized activities increased among grade 8 boys and girls (P < 0.001 for both), but time spent in nonorganized activities decreased (P = 0.02 for girls and P = 0.3 for boys). The changes in total minutes per day of MVPA were small, except for grade 10 boys. Among grade 10 boys and girls, minutes per day of MVPA increased in organized activities (P = 0.01 and P < 0.001, respectively) and decreased in nonorganized activities (P < 0.001 and P = 0.01, respectively). Overall, the patterns of change were similar for boys and girls, with substantial increases in summer school terms and insubstantial changes during winter school terms (with the exception of decreased nonorganized MVPA among grade 10 boys).
Time spent in moderate (MPA) and vigorous (VPA) physical activity (min.d- ). Time spent in MPA and VPA were also examined but showed no consistent patterns of change over time. Between survey periods, MPA during summer school terms increased two-to threefold among all student groups, while time spent in VPA remained unchanged among grade 8 students but decreased among grade 10 students. During winter school terms, time spent in MPA remained relatively stable between survey periods, except among grade 10 girls, where daily MPA increased. Winter VPA remained stable among grade 8 boys and grade 10 girls, but it increased among grade 8 girls and decreased among grade 10 boys.
Sociodemographic differentials in time spent in MVPA. Table 4 shows the median (and IQR) for minutes per day of MVPA stratified by SES tertiles for 1997 and 2004 by season, sex, and grade. For both surveys, boys in each SES group reported higher daily MVPA compared with girls. During summer school terms, MVPA increased between approximately 17 and 61 min.d-1 across all SES tertiles (P < 0.03 for high-and middle-SES students; P = 0.06 and 0.1 for low-SES boys and girls, respectively) except in middle-SES grade 10 girls, where MVPA remained stable (P = 0.4). Between surveys, the increase in daily MVPA was larger among high-and middle-SES boys and high-SES girls, compared with low-SES students.
During winter school terms, MVPA increased in only high-and middle-SES grade 8 students, and it decreased by approximately 10-24 tnin.d -in the low-SES boys and girls (P = 0.2 and 0.8, respectively). Among grade 10 boys, MVPA declined approximately by 16-22 min-d-1 for all three tertiles (P = 0.06, 0.2, and 0.3 for high, middle, and low SES, respectively). In grade 10 girls, MVPA increased only among the high-SES tertile (P = 0.002), but it remained stable among middle-and low-SES students (P = 0.8).
DISCUSSION
The purpose of this study was to describe the secular trends, seasonal, and SES differences in daily minutes of SES tertiles compared with low-SES students, independent of season, except grade 10 boys during winter school terms, when MVPA decreased in all SES tertiles. Strengths and limitations. A major strength of this study was that both surveys were conducted among representative population samples of adolescents, during the same months of the year (February to April), using the same questionnaire, standardized protocol, and data-reduction procedures, which should exclude any systematic differences between survey periods. That the students cardiorespiratory fitness, which was also measured at both survey periods, increased 7-10% among grade 8 students and did not decline among grade 10 students, provides additional confidence in our findings. There were, however, several study limitations that warrant consideration. Firstly, the estimates of MVPA were based on self-reported data. The limitations with self-report have been reported elsewhere (26) and include issues on the accuracy of recall of the frequency and duration of participation in physical activities. Secondly, a significant limiting factor in this and similar of activity (total, organized, nonorganized) among boys and girls in grades 8 and 10 in 1997 [35.7, 112.9] 57.1 [34.3, 87.9] 60.0 [36.4, 90.0] studies of young people's physical activity is the lack of a comprehensive physical activity compendium for child MET values. Without such a reference, the application of adult MET values to activities undertaken by children potentially underestimates energy expenditure, particularly among prepubescent children (22) . Thirdly, the low response rate among grade 10 in the 2004 survey is a limitation; however, the sample was found to be representative of the population from which it was drawn (10).
Secular trends. Only a few countries have examined secular trends in physical activity among adolescents. In the United Sates, data from the U.S. Youth Risk Behavior Survey show that physical activity participation among high school students has decreased, albeit slightly, between the mid-to late 1990s and early 2000s (1) . The Health Behaviour in School-aged Children survey shows that in a number of European countries, adolescent physical activity has remained relatively stable, or slightly increased, between the 1980s and 2000s, but that there have been recent declines in Wales and Scotland (23, 34) . Data published by the United Kingdom's Schools Health Education Unit, however, indicate that physical activity across the United Kingdom is higher in 2003 compared with 1995 (37) . In Canada, young people's physical activity has remained relatively stable between 1981 and 1998 (18) , but more recent data suggest that physical activity has increased (12) . A major limitation in physical activity research within and between countries is the diversity between survey methodologies and definitions of physical activity. In the absence of standardized data-collection methods and instruments, it remains difficult to assess global trends in physical activity participation among adolescents. International consensus on standardized instruments, methods, and definition of adolescent physical activity is a research priority.
The overall increase in physical activity among NSW students reported here is consistent with Australian national survey data, which indicate an increase in organized physical activities between 2000 and 2003 (5). The increase in organized physical activities during both summer and winter school terms may be associated with the rise in nonschool sporting club registrations among young people (3 1). Recently, the Australian Government implemented a new sport policy, Backing Australia's Sporting Ability-A More Active Australia (6), which outlined the need to focus on increasing youth participation in organized sport, particularly at the club and school levels.
It is possible that social desirability of physical activity participation may affect self-report responses (25) and that physical activity was viewed more positively by students in 2004 than in 1997; but we do not know whether perceptions differed between surveys and, if they did, by how much. It is also possible that changes in the unidentified secular environment may have influenced the two student cohorts differentially at each survey point, but this is unlikely because the time interval between surveys was very short (i.e., 7 yr).
Seasonality. Among adolescents there is only limited information on seasonal difference in physical activity ADOLESCENT participation. The available evidence suggests higher physical activity participation rates during summer compared with winter months (36) , but this finding is not consistent (20, 28) . In this study MVPA in 1997 was lower during summer compared with winter school terms among boys and was approximately the same across seasons among girls, but it was higher during summer compared with winter in 2004. There was a clear secular increase in total MVPA during summer school terms compared with winter school terms; however, when MVPA was examined by type (organized, nonorganized), there were notable seasonal differences. Organized MVPA increased secularly during both seasons, and among girls a greater increase occurred during winter compared with summer school ten-ns. A major finding of this study was the secular decrease in nonorganized MVPA during winter. Seasonal factors that may influence nonorganized MVPA, such as the number of daylight hours, temperature, and precipitation, have not changed between survey years. It is plausible that the decline in nonorganized MVPA during winter months is associated with increased perceptions about neighborhood safety issues during nondaylight hours. Among adolescents, neighborhood safety issues are more likely to be associated with fear of strangers and assault (11,13), rather than issues such as traffic and road safety; however, it is unclear to what extent these perceptions influences physical activity participation.
SES. The association between SES and adolescents' participation in physical activity is unclear across studies (32) . Such inconsistencies may be due to the complexity of SES, which is described by multiple indices (maternal education, postcode of residence, household income, parents' occupation) and is confounded by ethnicity/race (14) . Studies that have identified a direct association between SES and physical activity (23, 30, 38) suggest that the differential reflects the ability of high-SES groups to afford the associated cost of physical activities including equipment, registration, and transport to venues (16) , and that high-SES groups live in areas with higher-quality and better-maintained physical activity facilities (19, 21) . It has also been suggested that more affluent schools have strong sports cultures and are more able to provide a greater
